We present the first report on the role of TaCKX1 in co-regulation of expression of other 158
TaCKX genes, phytohormone content and their joint participation in regulation of yield-159 related traits in wheat. TaCKX1, silenced by a hpRNA type of vector via Agrobacterium, 160 showed different levels of silencing in T 1 and T 2 , which has been related to different models Expression levels of TaCKX1 were measured in 44 segregating T 1 plants from 8 T 0 PCR+ 170 lines. In 14 T 1 plants relative expression (related to the control = 1.00) ranged from 0.39 to 171 0.88 with the mean of 0.67 (±0.14). In 30 T 1 plants relative expression ranged from 0.90 to 172 1.52 with the mean of 1.16 (±0.18) ( Fig. 1 A) . The proportion of silenced to non-silenced 173 plants changed in the T 2 generation. There were 42 silenced from 0.24 to 0.88 plants with the 174 mean of 0.54 (±0.14) and 20 non-silenced plants. Eight of them, with low relative expression 175 ranging from 0.24 to 0.40 (mean 0.33 ±0.14), and representing different T 1 lines, were 176 selected for further analysis. 177
Co-expression of silenced TaCKX1 with other TaCKX genes in T 1 and T 2 and CKX 178 enzyme activity. 179
Mean relative expression of TaCKX1 in the selected 8 lines was 0.67 in T 1 and was decreased 180 to 0.33 in T 2 (Fig. 2) . Similarly, in the case of TaCKX11 (3) related gene expression was 0.81 181 in T 1 and was decreased to 0.34 in T 2 . Relative expression levels of TaCKX2.2 and TaCKX9 182 (10) were decreased in T 1 to 0.51 and 0.39 and increased in T 2 slightly above the control 183 level, to 1.08 and to 1.10 respectively. Mean relative values for TaCKX2.1 were similar to 184 control in T 1 (1.05) and slightly increased in T 2 (1.17). Relative expression of TaCKX5, which 185 was in T 1 below the control level (0.84), was significantly increased to 1.82 in T 2 . The relative 186 values of CKX enzyme activity in both generations were around the control, 1.00. 187
The effect of TaCKX1 silencing on the levels of expression of selected TaCKX genes is 188 presented by the expression ratio indicator (Table 1) , which is a quotient of the mean relative 189 value in silent per mean relative value in non-silent, control plants. In the case of TaCKX1 and 190 8 TaCKX11 (3), the ratio indicator, significantly decreased in T 1 , was strongly decreased in T 2 . 191
The value of the ratio indicator for TaCKX2.2 was not changed in T 1 compared to the control 192 and was only slightly decreased in T 2 . The expression ratio indicator of TaCKX9 (10), 193 strongly decreased to 0.59 in T 1 , rose above the control level (1.15) in T 2 . Already high in T 1 , 194 the expression ratio indicator for TaCKX2.1 (1.22) increased to 1.32 in T 2 . 195 10 Concentration of GA was increased from 2.81 ng/g biomass in the control to 29.26 ng/g 247 biomass in silent plants, which was more than a 10-fold increase. 248
Most of the phytohormone ratio indicators in the group of six silent T 2 plants ( Fig. 4 B) were 249 much higher than in control plants. There were the following cytokinins: tZ (1.53), tZ9GOG 250 (2.15), tZOG (1.11), cZ (1.76), sum of DZGs (1.40) and iP (1.32). The ratio indicators for 251 some of them were significantly lower, as in the case of BA (0.27) and cZOG (0.45). Similar 252 values were observed for IAA, slightly lower for ABA (0.88), but much higher for GA 253 (10.42). 254
Coordinated effect of TaCKX1 silencing on expression of other TaCKX genes and 255 phytohormone level in 7 DAP spikes as well as phenotype in T 2 . 256
A graphic presentation of the coordinated effect of TaCKX1 silencing on expression of other 257
TaCKX genes and phytohormone levels in 7 DAP spikes as well as the phenotype of T 2 plants 258 is presented in Fig. 5 . The significant decrease of expression of TaCKX1 was coordinated 259 with the significant decrease of TaCKX11 (3), which presumably resulted in a significant 260 increase of most CKs: tZ, tZGs, cZ, DZGs, iP as well as GA. The increased phytohormone 261 level in the first 7 DAP spike positively influenced traits such as spike number and grain 262 number, reaching the ratio indicators 1.57 and 1.29, respectively, and negatively TGW (0.78), 263 spike length (0.86), plant height (0.93) and flag leaf senescence (0.95). Opposite data were 264 obtained for TaCKX2.1 and TaCKX9 (10), which showed increased expression in silenced, 7 265 DAP spikes (1.32 and 1.15 respectively). This might have influenced the decreased ratio 266 indicators for phytohormones -cZOG (0.45), BA (0.27) and ABA content (0.88)and 267 slightly increased ratio indicators for yield-related traits: root weight and grain yield (1.07 and 268 1.03 respectively). Expression ratio indicators for TaCKX5 and TaCKX2.2 were both close to 269 1.00, but their expression significantly increased compared to T 1 and positively correlated 270 with the expression of TaCKX2.1 and TaCKX9 (10)respectively. 271
Models of co-regulation of phytohormone levels and phenotype traits by coordinated 272 expression of TaCKX genes in non-silenced and silenced T 2 plants 273
Two different models of co-regulation of TaCKX expression and phenotypic traits in non-274 silenced and silenced plants of the T 2 generation are proposed ( Fig. 6 A-H) based on 275 correlation coefficients (Table S4 A and grain yield (0.93 and 0.99 respectively). In silent plants decreasing expression of TaCKX1 315 is negatively correlated with both spike and grain number and the gene negatively regulates 316 decreasing BA content. In the case of grain number, the main player positively correlated with 317 the trait is TaCKX5, increased expression of which was correlated with slightly higher IAA 318 content, which resulted in higher grain number. Spike number is also positively regulated by 319
TaCKX5 co-expressed with TaCKX2.1, and both genes were positively correlated with 320 growing CKs, DZGs and iP as well as GA, determining higher spike number. Both traits are 321 highly correlated (0.88) with each other. The differences in the levels of expression of TaCKX1 and various co-expression of other 380
TaCKX genes in T 1 and T 2 resulted in opposite phenotypic effects. Since spike number, grain 381 number and grain yield were reduced in T 1 , representing slightly decreased TaCKX1 382 expression, the same yield-related traits were significantly higher in highly silenced T 2 plants. Involvement of additional specific regulators in differentiating the regulatory roles of CKs is 400 also plausible in our case. However, the most convincing explanation is changed levels of CK 401 activity (concentrations), which was proved to be significantly increased in silent plants and is 402 further discussed below. 403
Co-operating effect of TaCKX on the level of active CKs in silenced plants 404
Since TaCKX family genes encode CKX isozymes, which specifically degrade CKs, we might 405 expect that the consequence of decreased expression of TaCKX genes is a decrease of 406 isozyme activity in the general pool of CKX enzymes, and increased content of active 407 cytokinins in the respective organ. Therefore according to our diagram ( First, 7 days after pollination (DAP) spikes from T 1 , T 2 and control plants were collected for 693 RT-qPCR and phytohormone quantification. Only 1/3 of the middle part of each spike was 694 used for experiments (upper and lower parts were removed). 695
PCR analysis 696
Genomic DNA was isolated from well-developed leaves of 14-day plants according to the 697 modified CTAB procedure (Murray and Thompson, 1980) or by using the KAPA3G Plant 698 PCR Kit (Kapa Biosystems). The PCR for genomic DNA isolated by CTAB was carried out 699 in a 25 ml reaction mixture using Platinum Taq DNA Polymerase (Invitrogen) and 120 ng of 700 template DNA. The reaction was run using the following program: initial denaturation step at 701 94°C for 2 min, 35 cycles of amplification at 94°C for 30 s, 65°C for 30 s, 72°C for 30 s with 702 a final extension step at 72°C for 5 min. The PCR for genomic DNA isolated by KAPA3G 703 was carried out in a 50 μl reaction mixture using 1 U of KAPA3G Plant DNA Polymerase and 704 a 0.5 x 0.5 mm leaf fragment. The reaction was run using the following program: initial 705 denaturation step at 95°C for 3 min, 40 cycles of amplification at 95°C for 20 s, 68°C for 30 s, 706 72°C for 30s with a final extension step at 72°C for 2 min. 707
Putative transgenic T 0 and T 1 plants were tested with two pairs of specific primers amplifying 708 a fragment of the hpt selection gene. The sequences of the primers for the first pair were: 709 hygF1 5′-ATGACGCACAATCCCACTATCCT-3′ and hygR1 5′-710 AGTTCGGTTTCAGGCAGGTCTT-3′, and the amplified fragment was 405 bp. The For the measurement of phytohormones, 200 mg of plant powders were placed into the 2 mL 763 Eppendorf tubes, suspended in 1 mL of (v/v) 50% ACN and homogenized in a bead mill (50 764 Hz, 5 min; TissueLyser LT, Qiagen, Germany) using two 5 mm tungsten balls. Prepared extracts were purged using a Waters SPE Oasis HLB cartridge, previously activated 773 and equilibrated using 1 mL of 100% MeOH, 1 mL water, and 1 mL of (v/v) 50% ACN 774 37/8 37/12 34/15 37/13 29/16 29/20 26/2 38/5 38/2 31/5 38/3 mean 37/5 37/10 38/6 38/4 31/4 34/6 26/3 29/19 32/9 34/5 31/2 38/1 33/10 33/8 32/10 33/7 26/1 31/3 37/7 34/8 34/7 31/6 34/10 33/9 32/8 37/6 37/9 34/9 33/2 31/1 mean T 1 TaCKX1 0 1 2 23/2-4 37/8-1 26/2-4 33/7-4 37/8-6 26/2-5 33/7-1 37/14-2 34/16-1 34/17-1 23/2-1 33/7-2 38/5-4 38/5-3 32/9-1 23/2-3 34/17-4 34/17-6 37/14-5 26/2-6 33/7-5 mean 34/16-2 31/5-2 34/17-2 29/16-4 31/5-1 32/9-4 34/16-5 32/9-3 31/5-6 mean T 2 TaCKX1 
